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0 Improvements relating to surface plasmon resonance sensors. 



® A surface plasmon resonance (SPR) sensor for 
biochemical and similar testing on large area sam- 
ples such as the gel (10) of an electrophoresis 
apparatus (13). The gel is sandwiched between a 
pair of plates (11. 12). Plate (11) is of transparent 
material and, sandwiched between itself and the gel 
is a metal layer comprising a mosaic (21) of silver 
dots. Light from a source (14) Is directed via a 
V* reflector (16) and undergoes total internal reflection 
^at the interface between plate (11) and metal layer 
gQ(21). The reflected light is passed via reflector (17) 
(^to a light detector (15). The equipment is arranged 
CD so that SPR occurs at the metal layer, which reso- 
^ nance is critically dependent upon the refractive 
^ Index of the gel (10). The structure comprising the 
W light source 14 and detector 15, together with reflec- 
Otors 16 and 17 Is caused lo scan across the gel 
^ surface to enable a two-dimensional representation 
^|0f the changes in refractive index across the gel to 
be built up. This enables the progress of sequencing 
to be monitored. 
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IMPROVEMENTS RELATING TO SURFACE PLASMON RESONANCE SENSORS 



This invention relates to surface plasmon reso- 
nance (SPR) sensors for use In biological, bio- 
chemical and chemical testing. The Invention is 
particularly concerned with adaptions of such sen- 
sors to enable larger areas to be covered and thus 
enable the SPR technique to be used, for example, 
In applications such as sequencing. 

Sequencing of macromolecules. for example 
nucleic acids such as ONA. is usually candied out 
by bibchemical fragmentation, followed by gel elec- 
trophoresis. Following electrophoresis the se- 
quence is detected by exposure of the gel to 
autoradiographic film to give a two dimensional 
picture from which the sequence of Individual 
nucleotide bases can be read. There are currently 
two main techinques used for fragmentation, the 
Maxam-Qitbert method involving the cleavage of 
the ONA molecule by a two-stage addition of 
chemicals, and the Sanger method involving the 
preparation of separate samples of dideox- 
ynucleotide of each of the four bases C. G. A and 
T and then the growth of a complementary DNA 
strand to that of the ONA under test using an 
enzyme. Both techniques end up with four different 
sub-samples, enabling identification of the four 
bases, each containing fragments of different 
tengtiis. A radioactive or fluorescent label is at- 
tached to each fragment to enable detection of the 
sequence using autoradiography, in elec* 
trophoresis. the four different sub-samples, contain- 
ing respective sets of labelled fragments are each 
placed in a separate well and thus generate a 
separate and distinct track across the gel as the 
electrophoresis proceeds. After the electrophoresis 
has finished, the gel is separated and typically 
dried and is then, in tine case of the radioactive 
label, exposed to autoradiographic film to obtain an 
image of the pattern of labelled fragments of dif- 
ferent length and belonging to different nucloetide 
groups. 

Autoradiography, whilst it can offer good sen- 
sitivity and resolution is an inconvenient technique, 
taking considerable skill to achieve good results. 
BDd is a fairly lengtiiy procedure, requiring many 
hours or even several weeks of exposure. Further- 
more, separation of the gel after electrophoresis 
can lead to damage unless great care is taken, and 
the very necessary drying of the gel prior to expo- 
sure is also tricky since shrinking of the gel must 
be avoided if meaningful results are to be obtained. 

In the present invention, the requirement for 
autoradiography is eliminated by enabling direct 
monitoring of the gel using a surface plasmon 
resonance (SPR) detector. The SPR detector op- 
erates to detect changes in the refractive index of 



the gel across ttie gel surface. Areas of the get 
where fragments are present will have a different 
refractive index to tinose where tiiey are not and a 
''picture'* of the gel surface can tiius be built up. 
6 Although tiie use of gel will be assumed in Uiis 
• specification, tiie technique can in fact be used 
witii gel-less and other forms of capillary elec- 
trophoresis. 

Monitoring can be in "real time** - i.e. as tiie 

10 electrophoresis test proceeds, or can be carried 
out on tiie gel after electrophoresis has been com- 
pleted, in tills tatter case it may be advantageous 
to expose tine gel to air after electi'ophoresis has 
finished so tiiat the gel shrinks and tiius con- 

is centrates tiie fragments Into a smaller area which 
can be examined by the SPR detector. 

The use of surface plasmon resonance in con- 
nection witii biosensors has been described In de- 
tail in our copending European patent application 

20 numbers 0305109 and 89300544,7. togetiier witii 
our copending British patent applications numbers 
8811053.1. 8811054.9, 8811919.3 and 8813307.9. 

Alt of the techniques described in tiiese ap- 
plications can be applied to tiie teaching of the 

25 present invention. 

Surface plasmon resonance is tiie oscillation of 
tiie plasma of free electrons which exists at a metal 
boundary. These oscillations are affected by the 
refractive index of the material adjacent tiie metal 

30 suriace and it is this that forms the basis of the 
sensor mechanism used in the present invention. 
Suriace plasmon resonance may be achieved by 
using the evanescent wave which is generated 
when a p-polarised light beam is totally internally 

35 reflected at the boundary of a medium. e.g. glass, 
which has a high dielectric constant. A paper de- 
scribing tiie technique has been published under 
the titie "Surface plasmon resonance for gas detec- 
tion and biosensing" by Lieberg. Nylander and 

40 Lundstrom in Sensors and Actuators. Vol. 4. page 
299. Illustrated in Rgure 1 of the accompanying 
drawings Is a diagram of the equipment described 
in tiiis paper. A beam 1 of light is applied from a 
laser source (not shown) onto an internal surface 2 

45 of a glass body 3. A detector (not shown) monitors 
the internally reflected beam 4. Applied to tiie 
external surface 2 of glass body 3 is a thin film 5 of 
metal, for example gold or silver, and applied to 
tiie film 5 is a further thin film 6 of organic material 

50 containing antibodies. A sample 7 containing anti- 
gen is brought into contact with tiie antibody film 6 
to thus cause a reaction between tiie antigen and 
tiie antibody. If binding occurs tiie refractive index 
of the layer 6 will change owing to the size of tiie 
antibody molecules and tills change can be de- 
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tected and measured using the surface plasmon 
resonance technique, as will now be explained. 

Surface plasmon resonance can be experimen- 
tally observed, in the arrangement of Figure 1. by 
varying the angle of the inddent beam 1 and 
monitoring the intensity of the internally reflected 
beam 4. At a certain angle of incidence the parallel 
component of the light momentum will match with 
the dispersion for surface plasmons at the opposite 
surface 8 of the metal film. Provided that the thick- 
ness of metal film 5 Is chosen con'ectly there will 
l)e an electromagnetic coupling between the 
glass/metal Interface at surface 2 and the 
metal/antibody interface at surface 8 as a resuK of 
surface plasmon resonance, and thus an attenu- 
ation In the reflected beam 4 at that particular 
angle of incidence. Thus, as the angle of incidence 
of beam 1 is varied, surface plasmon resonance Is 
observed as a sharp dip in the Intensity of the 
Internally reflected beam 4 at a particular angle of 
incidence. The angle of incidence at which reso- 
nance occurs is affected by the refractive index of 
the material against the metal film 5 - i.e. the 
antibody layer 6 -and the angle of incidence cor- 
responding to resonance is thus a direct measure 
of the state of the reaction between the antibody 
and the antigen. Increased sensitivity can be ob- 
tained by choosing an angle of Incidence half way 
down the reflectance dip curve, where the re- 
sponse is substantially linear, at Uie beginning of 
the antibody/antigen reaction, and then maintaining 
that angle of incidence fixed and obsennng 
changes in the intensity of Une reflected beam 4 
with time. 

A typical basic detector comprises the follow- 
ing components: 

1) A source of electromagnetic radiation, 
most likely in or near ttie visible light region; 

2) A block of transparent material such as 
glass on one suriace of which is applied a thin film 
of metal, for example silver or gold, and on which 
is supported a medium to be tested In such a way 
that tiie metal film is sandwiched between the 
medium and the glass block: 

3) Means for directing the electromagnetic 
radiation from tiie source into tiie transparent block 
in such a way that the radiation is subject to total 
internal reflection at that surface of tiie block to 
which tiie metal film Is applied; 

4) A detector for monitoring the Intensity of 
tiie radiation which Is totally internally reflected. 

The point of incidence of the incoming beam of 
radiation defines a small sensitive zone centred 
around tiie point. As ttie refractive index of the 
medium changes, the angle of incidence at which 
SPR occurs changes and, for a fixed angle of 
incidence, this manifests itself as an alteration in 



the intensity of tiie totally intennally reflected beam, 
as detected by the detector. A significant improve- 
ment In signal/noise ratio can be achieved, how- 
ever, by monitoring ttie whole of ttie dip resulting 

5 from surface plasmon resonance. This may be 
achieved either by rapidly scanning ttie incoming 
beam of radiation across ttie angles of incidence 
whteh result In surface plasmon resonance, such as 
described in our application 8811053.1. or by utills- 

10 ing ttie so called "fan beam" as described in our 
copending European patent application 0305109. In 
a variant of ttie fan beam, a line point of incidence 
is formed using a wedge beam, possibly In conjuc- 
tion witfi a hemicyllnder. as described in ttie afore- 

15 mentioned European patent application. 

The difficulty In the known apparatus is ttiat tiie 
seinsitive zone centi^ed around the point or line of 
incidence is very limited In extent and ttierefore 
where a large area needs to be monitored. . the 

20 existing equipment cannot be used. In tiie present 
invention, tiiis problem Is addressed by providing 
means for moving tiie point or line of Incidence to 
effectively provide two dimensional coverage of an 
area. The movement of ttie point or line Is synch- 

25 ronised witti the detector so that, at any one instant 
of time, tiie detector knows at which point on ttie 
area it is looking. 

The metal film is assumed to take ttie form of a 
continuous layer. However, In certain circum- 

30 stances, as will be explained later, it may be desir- 
able to divide ttie metal film into separate isolated 
areas whose size depends upon the required reso- 
lution and the circumstances of use. In a preferred 
embodiment, ttie metal film takes the fonm of a 

35 mosaic of mutually isolated dots of metallisation. 
The point or line of Incidence is moved across said 
isolated areas, each of which effectively becomes a 
separate SPR detector. 

A two dimensional area may be covered eitiier 

40 by raster scanning of a point of incidence or by 
one-dimensional scanning of a suitable line of in- 
cidence. Scanning may be effected either by a 
moving mirror system, or by mechanically scan- 
ning a first assembly comprising ttie radiation 

45 source, detector and radiation directing means with 
respect to a second assembly comprising the glass 
block and metal film in such a way that the point or 
line of incidence remains always at tiie Interface 
between the glass block and the metal film: Other 

50 variations wilt be apparent. 

It will be seen ttiat, by incorporating ttiese 
techniques. It Is possible to monitor a two dimen- 
sional surface of substantial size. A picture of ttie 
events witiiin the medium can tiius t>e built up In 

55 real time. 

In an embodiment of ttie invention, ttie medium 
is. an electrophoresis gel forming part of an elec- 
trophoresis apparatus. As tiie fragments proceed 
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through the gel during the process of eiec- 
trophoresis, the refractive index of the gel changes 
locally, and this change can be monitored by the 
apparatus of the present invention. The output sig- 
nal from the detector Is passed to a microcomputer s 
which builds up a pattern of the refractive index 
variations over the scanned area to follow the 
progress of the fragments. 

The discontinuous metal film effectively pro- 
vides a plurality of independent sensitive zones io 
which are individually monitored by the SPR detec- 
tor as it scans with respect to the gel. The nature 
of these discontinuities will of course depend on 
the form of scanning used* For two dimensional 
raster-type scanning the metal film takes the form is 
of the aforementioned mosaic of metal, for example 
silver, dots. Each of these dots will thus effectively 
supply a pixel of information to build up a complete 
picture, ih real time, of the progress of sequencing. 

Such a two-dimensional multi-dot system can 20 
simultaneously monitor a plurality of tracks through 
the gel and can look at the whole of the gel 
surface. A minimum of four such tracks is needed 
to fully characterise a particular DNA sample, but 
there is no reason why a number of separate 25 
samples should not be monitored simultaneously: 
the number is limited only by the number of sets of 
four lanes that can be fitted In the scanning width. 

Cun'ent standards of resolution for such scan- 
ners will allow resolution of less than 100 microns 30 
which is more than adequate for gel sequencing. 
Surface plasmon resonance will operate on stiver 
dot sizes of 100 microns diameter or less. 

In practice, the mosaic of dots or other dis- 
continuous metal film is covered by a thin insulat- 35 
ing layer, for example of polyimide. in order to 
prevent interaction between individual dots due to 
the gel which would othenvise be applied directly 
to the metal film. 

In an alternative embodiment of the invention 40 
the medium comprises two components of a bio- 
logical, biochemical or chemical interaction. A first 
of these components will nomnally comprise or be 
attached to the metal film. The second component 
is an entity within a sample to be tested. For 45 
example, the first component could be an antibody 
attached to the metal layer and the second compo- 
nent a conresponding antigen within a sample. In 
general, however, any sensitive material, whether 
specific or non-specific may be attached to the so 
metal layer for interaction with a conresponding 
entity In the sample. Indeed, the metal layer itself 
may in some circumstances act as the first compo- 
nent since this will act as a non-specific sensitive 
material with which certain classes of entity within 55 
a sample may interact 

The first component may be applied as a con- 
tinuous layer over the metai film; if the metal film is 



discontinuous, different areas of metal may have 
different sensitive materials applied thereto, or they 
may all have the same sensitive material attached. 
With a continuous metal layer, the first component 
may be applied all over, or in separate smaller 
areas which can be individually scanned as the line 
or point of incidence passes over them, in this way, 
a targe number of tests can be candied out in 
effect simultaneously. Such smaller sensitive areas 
may all comprise the same sensitive material, or it 
may be different so that a single sample can be 
subjected to several different tests at a. time. The 
sample may be arranged to flood over the whole 
area, or may be channelled so as to come into 
contact with only selected sensitive areas. This 
enables several samples to be tested simulta- 
neously and/or a reference test on a control sample 
to be carried out simultaneously with that on a 
main sample. 

If raster (line) scanning is used, it is prefenred 
to position such sensitive areas under the path of 
the point or line of Incidence so that as scanning 
takes place, the tests can be monitored by refer- 
ence to the output of the radiation detector which 
can be related to the particular X-Y position of the 
test 

The metal film material is commonly silver or 
gold, usually applied by evaporation. The film 
needs to be as uniform as possible in order to 
cater for minute movement in the point of in- 
cidence of the incoming beam. It is assumed that a 
structured metai film will give the best resonance 
and there are various ways in which the transparent 
plate to which it is applied can be pretreated to 
improve the performance of the metal film and in 
particular to control the natural tendency of such 
films to form discontinuous islands: 

1. Immersion In molten metal nitrates and 
other molten salts. This has the effect of Introduc- 
ing ions into the surface in a manner which can be 
structured and which can act as foci for island 
formation. 

2. Ion bombardment of cold or hot glass to 
introduce nucleating sites. The removal of the more 
mobile ions has been demonstrated to reduce the 
thickness at which the evaporated film becomes 
continuous. 

3. Electroless plating or electroplating over 
lightly evaporated films (0 to 100 angstroms thick). 
Electroless plated films survive to a greater thick- 
ness than evaporated films and could form more 
stable nuclei for subsequent coating. 

4. Evaporating on to electroless plated films. 
The electroless plated films have a stronger ten- 
dency to an island structure and to bigger islands 
with greater spacing than evaporating films. This 
could be of advantage in tuning to light of a pre- 
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scnbed wavelength. 

Coating performance can also be improved by: 

1. Controlling the surface temperature of the 
transparent piate during coating. Using a higher 
temperature sul>strate increases the islands' size 
and the spacing between them and conversely. 

2. Evaporating In the presence of a magnetic 
or electrostatic field or electron emission device to 
control the ion content of the vapour stream. The 
state of charge of the substrate Is know to affect 
the island structure. 

3. Controlling the angle of Incidence of the 
evaporated vapour stream relative to the surface of 
the plate. The mobility of the evaporated atoms 
and hence their ability to form bigger islands is 
greater when the momentum of the atoms relative 
to the glass surface is increased. 

In order that the invention may be better under- 
stood, some embodiments thereof will now be de- 
scribed by way of example only and with reference 
to the accompanying drawings In which:- 

Rgure 1 is a diagram of a known experimen- 
tal arrangement for demonstrating the surface plas- 
mon resonance effect; 

Figure 2 is a diagrammatic perspective view 
of a planar SPR sensor constructed in accordance 
with the invention; 

Figure 3 is a diagrammatic partial plan view 
of a cylindrical SPR sensor constructed in accor- 
dance with the invention; 

Rgure 4 is a view similar to Rgure 3, but 
showing the whole of the apparatus on a smaller 
scale. 

Rgures 5 and 6 are diagrammatic views of 
an alternative embodiment of the SPR sensor of 
the invention; 

Rgure 7 is a perspective view of the appara- 
tus of Rgures 5 and 6; and 

Rgure 8 is a block diagram showing one 
example of the manner in which the output of the 
SPR detector is synchronised with the mirror mo- 
tion in the apparatus of Rgures 5 to 7. 

Referring firstly to Rgure 2 there is shown a 
conventional vertically oriented electrophoresis ap- 
paratus comprising an electrophoresis gel 10 sand- 
wiched between a pair of plates 11. 12. Such 
apparatus Is well known, and will not be described 
in detail here. Electrodes (not shown) are provided 
in order to produce a vertical current flow through 
the gel. Formed along the top edge of the gel are a 
plurality of spaced wells (not shown), each of which 
carry a separate sample to be analysed. Such 
samples may, for example, comprise the sub-sam- 
ples which are produced when a DNA sample to be 
analysed is fragmented in a manner described 



above to give the four different sub-samples re- 
quired to enable identification of the four bases. 
One sub-sample Is placed in each well and a 
potential applied across the electrodes. During 

5 electrophoresis, the gel acts as a skeletal foam in 
which are formed pores through which the material 
of the samples can pass under the influence of the 
electric cunent. The action of the cunrent causes 
the fragments to migrate downwards through the 

10 gel, fonming a distinct track emanating from each 
well, and travelling through the gel. The fragments 
formed by the fragmentation process tend to travel 
through in groups of Identical length, those groups 
containing the shorter length fragments tending to 

IS travel faster through the gel than those containing 
the longer length fragments. As a result, the dif- 
ferent groups tend to be bunched up near the top 
of the gel - i.e. nearest the well • but as they travel 
down the gel they become sp.cead_QuL.bscause 

20 they are travelling at different speeds. The 
progress of the fragments through the gel Is. of 
course, invisible to the naked eye but dyes can be 
used to enable visual monitoring of progress. 

The SPR detector for monitoring the progress 

25 of the electrophoresis is mainly mounted on a 
frame 13 which is slideable vertically with respect 
to the gel to effect scanning, as will be explained. 
The SPR detector comprises a light source 14 (for 
example, a laser), light detector 15 and concave 

00 reflectors 16, 17 all of which move up and down 
with the frame. The output from the light source is 
passed through a slit (not shown) or similar to 
produce a flat planar beam 18 extending horizon- 
tally - I.e. transversley across the expected tracks 

OS within the gel. Only the end of the beam is shown. 
It will be noted that the beam 18 has rnoderate 
depth A in the vertical direction. 

Upon leaving the tight source, beam 18 passes 
orthogonally through a plate 19 defining, with the 

40 plate 11, a chamber 20 in which the reflectors 16, 
17 are situated. This chamber contains a liquid 
having the same refraction Index as that of the 
plate 1 1 so that light passing across the boundary 
between chamber 20 and plate 11 at an angle is 

45 not refracted. Both plates 11 and 19 are made from 
transparent material. 

Formed on that side of plate il which faces 
the gel is a metal layer in the form of a mosaic of 
silver dots 21 fomned as an X - Y array. A thin 

so layer of insulating material such as potyimide cov- 
ers the mosaic to prevent the conductwe gel from 
electrically shorting the dots. This thin layer does 
not affect the operation of the detector. 

In operation, the light beam 18 from source 14 

55 is appled to reflector 16 which is so shaped as to 
direct all of the light incident upon it to a single line 
2? lying on that internal surface of the plate 11 
against which the mosaic 21 is formed. The line 22 
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extends horizontally across the electrophoresis 
tracks and thus appears as a point In Rgure 1. The 
input light beam between reflector 16 and line 22 
thus takes the shape of a solid wedge of light, the 
two converging lines shown in the drawing repre- 
senting the outer boundary of the converging solid 
beam. 

The angle of incidence of the Incoming beam 
at the line 22 is such as to cause total internal 
reflection of the beam, the resultant internally re- 
flected beam diverging from the line 22, again with 
a wedge shape, to be incident on the reflector 17 
where the output light is reflected into a parallel 
beam which enters the detector 15. The detector 
15 is connected to external drcurtry (not shown) 
which analyses the detector output. 

The detector 15 comprises an array of sepa- 
rate sensitive areas extending horizontally across 
the gel in such a way that each detector monitors 
an individual sliver dot in the horizontal (X) direc- 
tion. 

If conditions are correct and in particular if the 
range of angles spanned by the Incident beam 18 
is correct, then surface plasmon resonance wiil 
occur, this manifesting itself as a sharp dip in the 
intensity of the output beam as detected by the 
an'ay detector 15 (see above). The effect of a 
change in the refradhre index in the medium - in 
this case the gel 10 - behind the plate 11 is to 
cause the angle of incidence at which surface 
plasmon resonance occurs to change. If the whole 
dip is being monitored by ensuring that the span of 
the angles of incidence of converging input beam 
18 cover the resonant condition, then a change in 
refractive index in the gel 10 translates at the 
detector 15 into a rapid change in output intensity. 
By this means, the passage of fragments down 
the gel during electrophoresis can be monitored by 
observing the change in refractive index which oc- 
curs as the bunches of fragments of identical 
length travel down the gel. 

In order to obtain a real time analysis of the 
whole gel surface as electrophoresis proceeds, the 
frame 13 together with components 14 to 17 is 
vertically scanned up and down with respect to the 
gel by means not shown. The scanning movement 
of the frame 13 is synchronized with the detector 
output so that the associated circuitry can tell at 
any one time which line of dots in the vertical (Y) 
direction it is looking at The scanning speed need 
only be relatively slow since the changes which 
occur during electrophoresis are themselves slow. 

Alternative optical geometries (not shown) may 
be envisaged where the incoming wedge-shaped 
tight beam Is reflected off a rotating polygon similar 
to that used in document scanner and copiers to 
give a horizontal line focus on the silver dots. 
The silver dots may be applied by any of the 



methods outlined above, or may be provided in the 
fbrm of a throw-away sheet of silver dots on a 
disposable membrane which is optically coupled to 
the plate 11. 

5 The apparatus shown in Rgure 2 may also be 
used to analyse the pattern of fragments in the gel 
after the electrophoresis test has been completed, 
raffler than monitoring during electrophoresis, as 
described above. This obviously introduces a delay 
70 in obtaining the results, but may be preferred in 
some circumstances. The use of this technique 
also offers a way of improving the sensitivity of the 
system by drying out the gel after electrophoresis 
is completed. This is achieved by running the 
fS electrophoresis test in the nomial way, and then 
removing plate 12 to expose that surface of the gel 
remote from silver mosaic layer 21 to the air. The 
gel thus dries out and shrinks: in so doing a typical 
100 micron thick gel might reduce in thickness to 
20 as little as 4/5 microns if all the water is evap- 
orated, and this thus concentrates ail the DNA 
fragments into the 4 or 5 microns closest to the 
silver mosaic layer. In this way, the sensitivity is 
improved because the concentration of fragments 
25 which the SPR detector Is effectively able to look 
at is much increased. 

Other ways of encouraging the fragments to 
move towards the silver layer might be conceived - 
for example the electric current flow could be dls- 
30 torted to cause the fragments to move towards the 
silver film layer, thus increasing sensitivity. 

Referring now to Figure 3 and 4 a second 
embodiment is illustrated, in which the gel 10 is 
confined in the annular gap between two concentric 
35 cylinders 23, 24 at least the inner (23) of which is 
made of transparent material. A further concentric 
cylinder 25. also of transparent material, lies in- 
wardly of cylinders 23 and 24 and is equivalent to 
the plate 19 of the previous embodiment. An an- 
40 nular chamber 28 defined between cylinders 23 
and 25 contains a liquid having a refractive index 
equal to that of cylinder 23. As before the main 
components of the SPR detector are mounted on a 
frame 13 which in this case is rotatably mounted 
45 about the centre axis 29 of the cylinders. The light 
source 14. array detector 15 and reflectors 16, 17 
ail move with the frame. The reflectors 16, 17 are 
mounted within the index-matched fluid In the 
chamber 26 so that the wedge-shaped beams, 
50 shown under references 27 (input) and 28 (output) 
do not undergo refraction as they pass at an angle 
across the boundary between the chamber 26 and 
the cylinder 23. Extensive refraction of the input 
beam 18 from light source 14 is achieved by 
55 directing the output light beam in a radial direction. 
Similar comment applies to the beam entering the 
array detector 15. 
' The inner cylinder 23 is formed, on its outer 
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surface, with a mosaic of stiver dots in the same 
manner as previously. In this case, the rows of dots 
..extend axiaJly and azimuthally of the cylinders. An 
insulating layer covers the dots to isolate them 
from the conductive effect of the gel. 

A plurality of separata wells are arranged in the 
gel along a line parallel with the axis 29. One of 
these wells is indicted diagrammatically under ref- 
erence 30. Each well contains a separate sample 
or sub-sample for analysis. Bectrodes (not shown) 
are arranged to cause an electric current flow 
through the gel in an azimuthal direction. During 
electrophoresis the fragments from the Individual 
wells migrate In an anticlockwise azimuthal motion 
around the gel. fonning a plurality of circular tracks, 
one extending from each well, in the manner de- 
scribed above. 

As electrophoresis proceeds, progress Is mon- 
itored by rotating the frame 13 to scan the whole 
area of the electrophoresis gel. As before, the 
scanning rate does not need to be high in view of 
the relatively slow progress of the electrophoresis. 

Referring now to Rgures 5, 6 and 7 there Is 
shown a second embodiment of the invention In 
which scanning takes place by movement of mir- 
rors. 

A pencil light beam 31 from a light source 32 
(for example, a laser) is reflected off a polygonal 
drum min-or 33 thence off a doubie-slded rotating 
minror 34 and enters a piano-convex lens 35. As 
the mirror 34 rotates, the reflected beam scans 
across the input convex face of lens 35 in the 
plane of the drawing. Collimators (not shown) are 
preferably used to reduce stray light after the re- 
flected beam has left the lens 35. By way of 
illustration. Rgures 5 and 6 show respectively the 
beginning and the end of the sweep of the re- 
flected beam across the lens 35, The lens 35 Is 
such as to bring all the reflected beams into par- 
allel paths so that, whatever the instantaneous an- 
gle of mirror 34 the output from lens 35 is always 
In a particular direction. This Is represented in 
Rgures 5 and 6 by a series of parallel lines al- 
though, of course, only a single beam is passing at 
any one instant of time. The beam leaving the lens 
35 Is Incident on a plane minror 36 which reflects 
the beam into a prism 37 made of transparent 
material such as glass. As will be clear from Rgure 
7. the plarw-convex lens 35. minror 36. and prism 
37 are elongate in a direction orthogonal to the 
plane of Rgures 5 and 6. The reason for this will 
become apparent. 

The prism 37 has a planar surface 38 on which 
is formed a metal layer in the form of a mosaic of 
silver dots 39 formed as an X-Y array. As shown, 
the X-Y array may for example comprise 5 rows 
and 10 columns - I.e. 50 dots in all. Illustrated in 
Rgures 5 and 6 are the dots 39 of one of said 10 



columns. 

On the remote side of the dots is a medium 
whose refractive index is to be measured. For 
example, as In the previous embodiment, this me- 

5 dium could take the form of an electrophoresis gel. 
If the medium is electrically conductive, then a thin 
insulating layer may be applied between the dots 
and \he medium to prevent electrical interaction 
between the dots. Alternatively the medium may 

TO take the form of a layer of specific or non-specific 
sensitive material, such as a layer of antilwdies 
which Is to react with a sample to be tested (not 
shown). The sensitive layer may be applied individ- 
ually to each dot of the mosaic, or may be applied 

IS over the whole surface, possible with a thin elec- 
trically insulating layer between it and the mosaic if 
necessary. As witii the previous embodiment, the 
metal layer may be a continuous layer, the surface 
being notionally broken down into pixels by elec- 

20 tronic means, as will be explained later. 

The sides 40,41 of the prism 37 are angled, as 
shown, and the minror 36 is arranged so tfiat light 
reflected off it is Incident orttiogonaily to tiie gen- 
eral plane of side 40. The side 40 is formed with a 

26 set of protruding convex elements 42 extending 
along the length of the prism. Each of these ele- 
ments Is associated with one row of dots 39 ex- 
tending orthogonally to ttie plane of Rgures 5 and 
8 and acts to focus light passing across it to a 

30 point approximately centrally of the row of dots. 
Thus, as the mirror 36 rotates, tfie light moves 
across each element 42 in turn. In between the 
elements, the prism surface Is blackened to pre- 
vent stray light entering and increasing the noise 

35 level. 

As the light beam passes across each element 
42, it is refracted to the aforementioned central 
point with a varying angle of Incidence. It is ar- 
ranged that tills range covers those that give rise to 

40 surface plasmon resonance at the surface 38. The 
resultant internally reflected beam 43 passes 
tiirough a corresponding one of a similar plurality 
of convex elements 44 formed on tiie side 41 of 
tiie prism. A plane minror 45 and plano-convex lens 

45 46 conresponding respectively to minor 38 and 
plano-convex lens 35 act to bring the internally 
reflected beam onto the reflective rear side of 
mirror 34 at which It Is reflected, via a second 
polygonal drum mirror 47, to a light detector 48. 

so Surface plasmon resonance occurring at surface 38 
is viewed as a dip In ttie strengtti of the internally 
reflected beam 43. as measured at tiie detector 48, 
As tiie incident light beam scans across tiiose 
angles of incidence which result in surface plasmon 

56 resonance occurring, the whole dip can be viewed 
by analysis of the output signal of the detector 48. 
As tiie mirror 34 rotates, ttie light is applied to the 
elements 42 one by one and is brought to a focus 
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on the dots 39. likewise one by one. However, only 
the single column of dots 39 which are in the plane 
of Figures 5 and 6 will be covered. To cover the 
remaining columns of dots 39 the polygonal drum 
mirror 33 is rotated by a small amount for each 
180* rotation of the minror 34. While the Input 
beam is being scanned across the lens 35 the 
mirror 33 Is stationary. In between scans, however, 
the mirror 33 is stepped around by a small angle to 
thereby cause the input beam, on Its next scan 
across the lens 35 to be incident on the next 
adjacent column of dots. In this way. all the dots 
can be covered by incrementing the mirror 33 
around for each 180* of rotation of mirror 34 
(mirror 34 is double-sided). For this purpose, minror 
33 needs only be a plane mirror, but the use of a 
polygonal drum mirror is mechanically advanta- 
geous because it eliminates the large return move- 
ment which is necessary between each full field 
scan - instead of returning through a large angle to 
its start position, the minror is simply turned to the 
next facet, and the process repeated. Although a 
six-sided mirror is shown, this has no particular 
significance and different numbers of sides could 
be used. On the output side, polygonal drum mirror 
47 is step rotated in synchronism with mirror 33 to 
bring the incoming beam to the detector 48 from 
whichever dot 39 it has been reflected. 

It will be appreciated that Rgures 5, 6 and 7 
are very diagrammatic in nature. For the sake of 
clarity, details of supporting structure, drive motors 
etc.. are not given since they will be apparent to 
those skilled in the art. Also, the dots 39 are not 
spaced from surface 38. as shown, but are posi- 
tioned directly on the surface. 

The electrical output from the detector 48 Is 
passed to an associated computer or similar (not 
shown) so that the resultant signals can be an- 
alysed with reference to the rotation of the min-ors 
33. 34 and 47. In practice, of course, the rotation of 
the three mirrors will be synchronised and appro- 
priate synchronising signals passed to the com- 
puter so that the detector knows what it is looking 
at. 

Although in ail of the above-described embodi- 
ments the metal layer is described as being in the 
form of a mosaic of metal dots, this Is not essen- 
tial, and the metal layer could take the form of 
separate stripes or even a continuous layer. 

In the latter case, the area being examined is 
still divided into small cells or pixels for the pur- 
pose of analysis, but this division is carried out 
electronically, rather than, in effect, mechanically. 
To achieve this, the output signal from the detector 
must be synchronised with the mechanical scan- 
ning movements so that the instantaneous output 
from the detector can be correctly related to a 
particular X-Y position on the area being scanned. 



Rgure 8 illustrates, for the apparatus of Rgures 5 
to 7, one way of achieving this. 

Referring to Rgure 8. the output signal from 
the detector 48 is gated in a gate 49 before being 
6 passed to a computer 50 for analysis. The clock 
output 51 from the computer is used to control the 
opening of the gate and also to control the drive 
means 52 for the mirror 34 and the drive means 53 
for the mirror 33 (mirror 47 moves in synchronism 
10 with mirror 33). Thus. If we take the previous exam- 
pie of 50 dots in an anray of 5 rows and 10 
columns, it is assumed that each of the 5 rows 
con-esponds to one of the elements 42/44 and that 
the drum mirrors 33/47 rotate in 10 small steps, 
IS each step being sufficient to move the incident 
light beam to the next column. When alt of the 10 
columns have been scanned, the mirrors 33, 47 
move on to the next facet, at an angle suitable to 
bring the incident light back to the start so that the 
20 scanning can begin again. In Rgure 8, the clock 
pulses are arranged to open the gate 49 ten times 
for each single rotation of mirror 34. this Rgure of 
ten corresponding to 2 x 5. bearing in mind that the 
min'or is double sided, and therefore causes two 
25 scans of the input light for each rotation. The clock 
pulses also control rotation of the drum mirrors 33, 
47, for example by means of respective stepper 
motors, to step rotate by an amount sufficient to 
move the incident light to the next column each 
30 time the mirror 34 rotates through 180* . Thus, for 
each clock pulse, the gate 49 is opened 50 times, 
the mirror 34 rotates 5 times, and the drum mirrors 
33/47 step rotate 10 times. This completes one 
scan of the area and the drum mirrors 33/47 are 
35 now stepped on to the next facet, and the process 
repeated. The pulses applied to gate 49 are such 
as to open the gate for a period sufficient to allow 
through the complete SPR dip resulting from the 
scan across each of the 50 spots. Thus, for each 
40 scan, we get 50 SPR dips resulting from each of 
the points at which the incoming beam is incident, 
and this signal can be analysed by the computer to 
enable the SPR analysis of the whole area. Re- 
peated scans of the area enable changes with lime 
45 to be studied. 

It will be seen that, by relating the movement 
of the beam with the output of the detector, such 
as shown in Figure 8, a continuous metal layer can 
be employed in place of the mosaic of dots 39. In 
50 certain circumstances, it may be necessary or de- 
sirable to incorporate thin insulating Rim (see 
above) over the metal layer so that the medium 
being measured is electrically isolated from the 
metal layer. This would be desirable where, for 
55 example, the medium takes the form of an elec- 
trophoresis gel which relies for its operation on the 
passage of current therethrough. If no insulation 
were present, a continuous metal layer would make 
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it virtually Impossible to pass th© necessary current 
through the gel to make the electrophoresis ap- 
paratus function. 

Claims 

1. A surface plasmon resonance (SPR) sensor 
comprising a source of electromagnetic radiation, a 
blodk of transparent material against one surface of 
which Is positioned a thin film of metal and against 
which film is positioned a medium to be tested in 
such a way that the metal film lies between the 
medium and the transparent bioci<. means for di- 
recting the electromagnetic radiation from the 
source into the transparent block in such a way 
that the radiation Is subject to total Internal reflec- 
tion at said one surface of the block, scanning 
means for scanning the radiation beam incident on 
said surface across said surface in order to obtain 
a two-dimensional representation of the variation of 
refractive index across said medium, and a radi- 
ation detector for monitoring the intensity of the 
radiation which is totally internally reflected. 

2. A sensor as claimed in Claim 1 wherein a 
membrane of dielectric material is positioned 
against said one surface of said block of transpar- 
ent material and said metal film is applied to that 
surface of the membrane remote from the block so 
that the membrane is interposed between the block 
and the metal film, and wherein the refractive index 
of the block is higher than that of the membrane 
such that total internal reflection takes place at the 
interface between the block and the membrane. 

3. A sensor claimed in Claim 1 wherein said 
metal film is applied directly to said one surface of 
the block. 

4. A sensor as claimed in any one of claims 1 
to 3 wherein said metal film is comprised of a 
plurality of discontinuous areas of metal film. 

5. A sensor as claimed in Claim 4 wherein said 
metal film takes the form of a two-dimensional 
mosaic of metal film dots. 

8. A sensor as claimed in any one of the 
preceding claims wherein said medium is an elec- 
trophoresis medium forming part of an elec- 
trophoresis apparatus for the sequencing of macro- 
molecules. 

7. A sensor as claimed in any one of claims 1 
to 5 wherein said medium comprises two compo- 
nents of a biological, biochemical or chemical inter- 
action, wherein a first component is attached to the 
metal film, and a second component takes the form 
of a sample to be analysed which is brought into 
contact with the first component. 

8, A sensor as claimed in claim 7 wherein said 
first component is attached to the metal film In the 
form of a plurality of isolated areas of the compo- 



nent and wherein said scanning means Is operable 
to scan sakj radiation beam across said isolated 
areas so that the interaction between the second 
component and the first in each area can be mon- 
5 itored In sequence. 

9. A sensor as claimed In any one of the 
preceding claims wherein the radiation is totally 
internally reflected at a point on said surface, and 
wherein said scanning means is operable to two- 

10 dimensionally raster scan said point acros^ the 
surface. 

10. A sensor as claimed In any one of cidms 1 
to 8 wherein the incident radiation has a wedge 
shape, resulting in a line of incidence at said sur- 
ra face, and wherein said scanning means is operable 

to one-dimensionally scan said time of incidence in 
a direction orthogonal to Its length to thus cover 
said surface. 

11. A sensor as claimed In any one of the 
20 preceding claims wherein a first structure compris- 
ing said radiation source, radiation directing means 
and radiation detector is moveably mounted with 
respect to a second structure comprising said 
transparent block, metal film and medium, and 

25 wherein said scanning means is operable to effect 
scanning movement of said first structure with re- 
spect to said second structure so as to scan the 
radiation beam across said one surface of the 
transparent block. 

30 12. A sensor as claim.ed in claim 11 wherein 
the medium against that surface of the block of 
transparent material through which said electro- 
magnetic radiation enters the block is a liquid me- 
dium. 

36 13. A sensor claimed in claim 12 wherein said 
liquid medium has a refractive index equal to that 
of said block. 

14. A sensor as claimed in either one of claims 
12 or 13 wherein said means for directing the 

40 electromagnetic radiation is positioned within said 
liquid medium. 

15. A sensor as claimed in any one of claims 1 
to 10 wherein said scanning means comprises 
moveable min'or means for scanning the rajdiatlon 

45 across said one surface of the transparent block. 

18. A sensor as claimed in claim 14 wherein 
said scanning means comprises two moveable mir- 
rors: 

a first mirror which is moveable to scan the radi- 
50 ation over said one surface in a first direction; 

a second mirror which is moveable to scan the 
radiation over said one surface in a second direc- 
tion orthogonal to the first 

and wherein drive means are provided for each 
56 mirror, said drive means being controlled by con- 
trol means which are operable to step rotate said 
second mirror by a small amount each time said 
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first mirror has scanned once across the surface In 
the first . direction so that the surface is raster 
scanned by the radiation. 

17. A sensor as claimed in either one of claims 

15 or 16 further comprising means for relating the 6 
movement of said mirrors with the output from said 
radiation detector to enable a two-dimensional re- 
presentation of the medium to be generated. 

18. Sequencing apparatus comprising means 

for analysing a sample containing fragments by lo 
electrophoresis, and detector means for detecting 
the pattern of fragments distributed within the elec- 
trophoresis medium, said detector means compris- 
ing a detector which utilises the phenomenon of 
surface piasmon resonance to monitor the pattern is 
of fragments by virtue of the change in refractive 
index which occurs in those parts of the elec- 
trophoresis medium in which fragments are 
present. 

19. Sequencing apparatus as claimed in claim 20 
18 wherein the detector means is moveable with 
respect to the electrophoresis medium, and means 

are provided for scanning the detector means over 
the medium. 

20. Sequencing apparatus as claimed in either 25 
one of claims 18 or 19 wherein the electrophoresis 
medium is a gel. 

21. Sequencing apparatus as claimed in any 
one of claims 18 to 20 wherein said detector 
means comprises a source of electromagnetic radi- 30 
atlon. a block of transparent material facing one 
surface of which is positioned a thin film of metal 

and against which film is positioned the elec- 
trophoresis medium in such a way that the metal 
film lies between the gel and the glass blocic, 35 
means for directing the electromagnetic radiation 
from the source into the transparent block in such 
a way that the radiation is subject to total internal 
reflection at said one surface of the block, and a 
radiation detector for monitoring the intensity of the 40 
radiation which is totally internally reflected. 

22. A method of sequencing comprising sub- 
jecting a sample containing fragments to elec- 
trophoresis to thereby distribute the fragments 
along the electrophoresis medium according to 4s 
their size and/or charge and detecting, using the 
phenomenon of surface piasmon resonance, the 
pattern of distribution of the fragments within the 
medium by virtue of the change In refractive index 
which occurs in those parts of the medium in which so 
fragments are present. 

23. A method as claimed in claim 22 wherein 
detecting is carried out by scanning a detector 
means across the medium. 
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